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© DOOR LOCK DRIVING DEVICE. 

^ © A cam 7, which is rotated by a motor 3, drives 
<0 an actuating lever 8 through a torque receiving por- 
J£ tions 8a or 8b to move the actuating lever 8 to the 

door-unlocking position or to the door-locking posi- 
^ tion and stops when it abuts a stopper walls 8d or 8e 
2§ which are formed on the actuating lever 8. The 

intermediate reduction gear 5, which transmits rotat- 



LU 


ing torque through a spring 6, rotates after the cam 
7 stops and gradually stops while bending the spring 
6. When the motor 3 is deenergized in this state, the 
intermediate reduction gear 5 is driven in the op- 
posite direction due to elastic energy accumulated in 
the spring 6. Thus, the cam leaves the stopper wails 
8d or 8e of the actuating lever 8 before it stops. 
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TECHNICAL FIELD 

The present invention relates to a door-lock 
driving apparatus which locks or unlocks a door of 
an automobile. 

BACK GROUND ART 

In a conventional door-lock driving apparatus, 
an electric motor has a motor shaft, a pinion se- 
cured thereto and an intermediate gear which has 
an engagement projection and is in engagement 
with the pinion. A resilient member is disposed 
around a shaft of the intermediate gear and has an 
end fixed to an output shaft of a driven-lever of a 
door-lock unit and another end which has a rocking 
member having an engagement projection rocking 
between a first position (one stopper) and a second 
position (another stopper). The engagement projec- 
tions of the intermediate gear and the rocking 
member are respectively disposed to engage with 
or disengage from the resilient member so that the 
motor torque is transmitted from the intermediate 
gear through the resilient member to the rocking 
member. Thus, the door-unlocking may be 
achieved manually without turning the intermediate 
gear, thereby providing a noiseless door-lock driv- 
ing apparatus (Japanese patent unexamined pub- 
lication Hei 2-49881 ). 

The resilient member of the above described 
door-lock driving apparatus is made from a coil 
spring which has two end portions extending in an 
axial direction disposed at the opposite sides (at an 
arc angle 180* ). One of the portions engages with 
the engagement projection of the intermediate gear 
and the other engages with the engagement pro- 
jection of the rocking member. Since the resilient 
member is disposed rotatably around the shaft of 
the intermediate gear, when the motor rotates, the 
intermediate gear is rotated through the pinion by 
the motor and the engagement projection of the 
intermediate gear engages with one of the end 
portions of the resilient member to bend the resil- 
ient member. The other end portion of the resilient 
member engages with the engagement projection 
of the rocking member to move until the rocking 
member abuts ' the above mentioned stoppers, 
thereby deenergizing the motor. Thereafter, the 
intermediate gear rotates in a 180" angle arc un- 
der the resilient force of the resilient member which 
is exerted thereon through the engagement projec- 
tion of the intermediate gear, and a gear noise is 
generated at this moment. 

The present invention has been made in view 
of the above circumstances and is to provide a 
door-lock driving apparatus which reduces the gear 
noise generated when the motor is deenergized 
after the door-locking or door-unlocking is com- 


pleted and the intermediate gear is rotated back- 
ward by the resilient member. 

DISCLOSURE OF THE INVENTION 

5 

(n order to achieve the above object, the 
present invention adopts a door-lock driving ap- 
paratus comprising: a motor rotating when ener- 
gized; a rotating member rotated freely by the 

70 motor and a torque transmitting member for trans- 
mitting the rotating torque of the rotating member; 
an actuating member, connected to a door-lock unit 
carrying out door-locking and door-unlocking, for 
actuating said door-locking unit when driven by 

75 said torque transmitting member to move to a 
door-locking direction or a door-unlocking direction, 
said actuating member having a first member to be 
pushed by the torque transmitting member and a 
second member formed on an end portion of said 

20 actuating member which moves along an arc; a 
restricting member for restricting motion of said 
actuating member against rotating torque exerted 
by said torque transmitting member; and an elastic 
member disposed between said rotating member 

25 and said actuating member; wherein when said 
motor is energized, said torque transmitting mem- 
ber pushes said first member of said actuating 
member and drives said actuating member against 
said restricting member, separates from an arc- 

30 shaped motion orbit of said actuating member, 
subsequently pushes said second member while 
bending said elastic member to deenergize said 
motor, and separates again from said arc-shaped 
motion orbit of said actuating member due to 

35 spring force accumulated in said elastic member. 

In the door-lock driving apparatus, said actuat- 
ing member has a first member to be pushed by 
the torque transmitting member and a second 
member formed on an end portion of said actuating 

40 member which moves along an arc; a restricting 
member restricts motion of said actuating member 
against rotating torque exerted by said torque, 
transmitting member; and an elastic member is 
disposed between said rotating member and said 

45 actuating member; therefore, when said motor is 
energized, said torque transmitting member pushes 
said first member of said actuating member and 
drives said actuating member against said restrict- 
ing member, separates from an arc-shaped motion 

so orbit of said actuating member, subsequently 
pushes said second member while bending said 
elastic member to deenergize said motor, and sep- 
arates again from said arc-shaped motion orbit of 
said actuating member due to spring force accu- 

55 mulated in said elastic member. As a result, after 
the door-locking and door-unlocking are carried 
and the motor is deenergized, the rotating member 
is slightly rotated due to the spring force, so that 
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the gear noise, otherwise generated when the rotat- 
ing member is rotated by the elastic member, may 
be reduced. 

Further, in addition to the above, the present 
invention adopts the door-lock driving apparatus 
further comprises a manually operated member 
connected to said door-lock unit or said actuating 
member, wherein when said manually operated 
member is held in a door-locking position, said 
elastic member bends as it receives rotating torque 
of said rotating member moving to said actuating 
member which is retained by said manually op- 
erated member and relieves shock applied to said 
rotating member, and when said motor is deener- 
gized, said torque transmitting member stops after 
said torque transmitting member separates from 
said actuating member due to spring force accu- 
mulated in said elastic member. 

In this embodiment, when the motor is en- 
ergized with the manually operated member being 
held in the locking position, said elastic member 
bends as it receives rotating torque of said rotating 
member moving to said actuating member which is 
retained by said manually operated member and 
relieves shock applied to said rotating member, 
and when said motor is deenergized, said torque 
transmitting member stops after said torque trans- 
mitting member separates from said actuating 
member due to spring force accumulated in said 
elastic member. Thereafter, only small power is , 
necessary to operate the door-lock unit. 

In addition to the above structure, the present 
invention adopts a door-lock driving apparatus, 
wherein said rotating member comprises a pinion 
driven by said motor and an intermediate reduction 
gear; said torque transmitting member is disposed 
to be rotatable relative to said intermediate reduc- 
tion gear around a central axis of said intermediate 
reduction gear; and said elastic member comprises 
a coil spring held by said intermediate reduction 
gear at its one end and held by said torque trans- 
mitting member at the other end. 

In this embodiment, the rotating torque of the 
motor is transmitted through the pinion to the inter- 
mediate reduction gear and through the coil spring 
as an elastic member to the torque transmitting 
member. The actuating member is driven by the 
torque transmitting member to move to the door- 
locking direction or to the door-unlocking position 
thereby carrying out the door-locking or door-un- 
locking. 

Since the actuating member having moved to 
the door-locking or door-unlocking position is re- 
stricted by the restricting member, the coil spring 
having one end held by the intermediate reduction 
gear and the other end held by the torque transmit- 
ting member is rotated by the intermediate reduc- 
tion gear with the other end being fixed. !n other 


words, the coil spring is bent in the rotating direc- 
tion of the intermediate reduction gear while accu- 
mulating the spring force. Thus, when the motion of 
the actuating member is restricted, the shock ap- 

s plied through the torque transmitting member and 
the intermediate reduction gear to the pinion is 
relieved. As a result, the pinion and the intermedi- 
ate reduction gear, which are rotating members, 
may be made of an inexpensive resinous material, 

w thereby providing a cost reduced apparatus. 

Further, when the motor is deenergized and 
the door-lock unit is manually operated via the 
actuating member, the torque transmitting member 
is separated from the actuating member due to the 

75 spring force accumulated in the coil spring and the 
operation power is reduced. 

In addition to the above structure, the present 
invention adopts a door-lock driving apparatus, 
wherein said rotating member comprises a pinion 

20 driven by said motor and an intermediate reduction 
gear; said torque transmitting member is disposed 
to be rotatable relative to said intermediate reduc- 
tion gear around a central axis of said intermediate 
reduction gear; and said elastic member is made of 

25 highly polymerized compound such as elastomer 
or elastic material such as rubber and is disposed 
between said intermediate reduction gear and said 
torque transmitting member. 

In this embodiment, the rotating torque of the 

30 motor is transmitted through the pinion to the inter- 
mediate reduction gear and through the elastic 
member made of highly polymerized compound 
such as elastomer or elastic material such as rub- 
ber to the torque transmitting member. The actuat- 

35 ing member is driven by the torque transmitting 
member to move to the door-locking position or to 
the door-unlocking position thereby carrying out 
the door-locking or door-unlocking. 

Since the actuating member having moved to 

40 the door-locking or door-unlocking position is re- 
stricted by the restricting member, the elastic 
member having one portion being fixed is bent in 
the rotating direction of the intermediate reduction 
gear while accumulating the spring force. Thus, 

45 when the motion of the actuating member is re- 
stricted, the shock applied through the torque 
transmitting member and the intermediate reduc- 
tion gear to the pinion is relieved. As a result, the 
pinion and the intermediate reduction gear may be 

so made of an inexpensive resinous material, thereby 
providing a cost-reduced apparatus as mentioned 
above. 

In addition to the above structure, the present 
invention adopts a door-lock driving apparatus, 
55 wherein said torque transmitting member com- 
prises an integral elastic member made of highly 
polymerized compound such as elastomer or elas- 
tic material such as rubber. 
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According to the above structure,* the torque 
transmitting member may be an integral elastic 
member made of highly polymerized compound 
such as elastomer or elastic material such as rub- 
ber and further reduction of parts may be realized. 

The present invention adopts a door-lock driv- 
ing apparatus comprising: a pinion driven by a 
motor; an intermediate reduction gear which is in 
engagement with said pinion and is driven by said 
pinion; a projection rotating with said intermediate 
reduction gear; a torque transmitting member hav- 
ing a torque transmitting portion at one end and a 
portion at the other end which is fixed to said 
torque transmitting portion and connected to an 
output member for carrying out door-locking opera- 
tion; a restricting member for restricting motion of 
said torque transmitting member against said trans- 
mitting torque; and an elastic member, disposed 
between said projection of said intermediate reduc- 
tion gear, and said torque transmitting portion of 
said torque transmitting member, for generating 
driving force to separate said projection from said 
torque transmitting means by bending. 

in this structure, the torque of the intermediate 
reduction gear is transmitted through the projection 
and the torque transmitting portion to the torque 
transmitting member. When the motion of the 
torque transmitting member is restricted, the elastic 
member disposed between the projection and the 
torque transmitting member bends and generates 
driving force to separate the above two members. 
As a result, when the motor is deenergized, the 
shock applied to the pinion and the intermediate 
reduction gear is relieved, thereby realizing a re- 
sinous pinion and a resinous intermediate reduction 
gear. Since the projection and the torque transmit- 
ting member is separated from each other due to 
driving force generated in the elastic member, the 
operation power for the door-locking is reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view illustrating an internal 
structure of a door-lock driving apparatus according 
to an embodiment of the present invention. Fig. 2 
is a cross-sectional side view of the door-lock driv- 
ing apparatus (first embodiment). Fig. 3 is a graph 
showing load characteristics of a door-lock unit 
(first embodiment). Fig. 4 is an explanatory view of 
the door-lock driving apparatus in operation (first 
embodiment). Fig. 5 is an explanatory view of the 
door-lock driving apparatus in operation (first em- 
bodiment). Fig. 6 is an explanatory view of the 
door-lock driving apparatus in operation (first em- 
bodiment). Fig. 7 is an explanatory view of the 
door-lock driving apparatus in operation (first em- 
bodiment). Fig. 8 is an explanatory view of the 
door-lock driving apparatus in operation (first em- 


bodiment). Fig. 9 is an explanatory view of the 
door-lock driving apparatus in operation (first em- 
bodiment). Fig. 10 is an explanatory view of the 
door-lock driving apparatus when a knob is in a 

5 lock position (first embodiment). Fig. 11 is an ex- 
planatory view of the door-lock driving apparatus 
when the knob is in the lock possition (first embodi- 
ment). Fig. 12 is an explanatory view of the door- 
lock driving apparatus when the knob is in the lock 

70 position (first embodiment). Fig. 13 is an explana- 
tory view of the door-lock driving apparatus when 
the knob is in the lock position (first embodiment). 
Fig. 14 is a plan view illustrating an internal struc- 
ture of a door-lock driving apparatus according to a 

75 second embodiment of the present invention. Fig. 
15 is cross-sectional and plan views illustrating a 
intermediate reduction gear, a cam and a resilient 
member (second embodiment). Fig. 16 is a per- 
spective view illustrating the intermediate reduction 

20 gear, the cam and the resilient member (second 
embodiment). Fig. 17 is a plan view illustrating an 
internal structure of a door-lock driving apparatus 
according to a third embodiment of the present 
invention. Fig. 18 is cross-sectional and plan views 

25 illustrating a intermediate reduction gear, a cam 
and a resilient member (third embodiment). Fig. 19 
is a perspective view illustrating the intermediate 
reduction gear, the cam and the resilient member 
(third embodiment). Fig. 20 is a plan view illustrat- 

30 ing an internal structure of a door-lock driving ap- 
paratus according to a fourth embodiment of the 
present invention. Fig. 21 is a cross-sectional view 
of the apparatus illustrated in Fig. 20 taken along a 
line ll-ll. Fig. 22 is an explanatory view of the door- 

35 lock driving apparatus in operation (fourth embodi- 
ment). Fig. 23 is an explanatory view of the door- 
lock driving apparatus in operation (fourth embodi- 
ment). Fig. 24 is an explanatory view of the door- 
lock driving apparatus in operation (fourth embodi- 

40 ment). Fig. 25 is an explanatory view of the door- 
lock driving apparatus in operation (fourth embodi- 
ment). Fig. 26 is an explanatory view of the door- 
lock driving apparatus in operation (fourth embodi- 
ment). Fig. 27 is an explanatory view of the door- 

45 lock driving apparatus in operation (fourth embodi- 
ment). Fig. 28 is an explanatory view of the door- 
lock driving apparatus in operation (fourth embodi- 
ment). Fig. 29 is an explanatory view of the door- 
lock driving apparatus in operation (fifth embodi- 

50 ment). Fig. 30 is an explanatory view of the door- 
lock driving apparatus in operation (sixth embodi- 
ment). 

BEST MODE OF CARRYING OUT THE INVEN- 
55 TION 

A door-lock driving apparatus according to an 
embodiment of the present invention is described 
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next with reference to the drawings. 

Fig. 1 is a plan view illustrating an internal 
structure of a door-lock driving apparatus 1. Fig. 2 
is a cross-sectional side view of the door-lock driv- 
ing apparatus 1. In the figures, Fig. 1 (b) and Fig. 4 
(b) through Fig. 13 (b) are cross-sectional side 
views taken along line I - I in Fig. 2. 

The door-lock driving apparatus 1 of the em- 
bodiment is an actuator which controls a door-lock 
unit DL for locking or unlocking a door, and is 
composed of a case 2 having a separate lower 
case 2a and an upper case 2b, a motor 3 which is 
rotatable in both direction, a pinion 4 driven by the 
motor 3, an intermediate reduction gear 5 which is 
rotatable in mesh with the pinion 4, a coil spring 6 ( 
hereinafter referred to as the spring 6) disposed on 
the intermediate reduction gear 5, a cam 7 to 
which the rotating torque of the intermediate reduc- 
tion gear 5 is transmitted through the spring 6, and 
an actuating lever 8 driven by the rotating torque of 
the cam 7. The door-lock unit DL is connected to 
the door-lock driving apparatus through a rocking 
lever 10 which carries the door-locking and door- 
unlocking. The rocking lever 10 rocks between a 
door-lock position and a door-unlocking position 
around a pivot 1 1 disposed on the door-lock unit 
DL. The door-lock unit DL is biased by a turn-over 
spring 12 disposed between the unit DL and the 
rocking lever 10 and drives the door-lock driving 
apparatus in the direction as shown in Fig. 3 when 
a load turns over during its operation. 

The motor 3 is energized through a terminal 1 3 
(see Fig. 2) which is taken out of the case 2 and 
changes the rotating direction when the door-lock- 
ing changes to the door-unlocking and vice versa. 

The pinion 4 has a D-cut opening therein and 
is fitted detachably to a rotary shaft 3a of the motor 
which has a corresponding D-cut portion so as to 
rotate together. 

The intermediate reduction gear 5 has a boss 
portion 5a which receives a shaft 14 rotatably that 
is the center of rotation, gear teeth portion 5b and 
an arc-shaped engagement wall 5c formed in an 
axial direction (in parallel with the shaft 14) on the 
inner periphery of the teeth portion 5b. 

The shaft 14 extends in a direction perpendicu- 
lar to the rotary shaft 3a of the motor 3 and is 
press-fitted to the lower case 2a at its one end and 
to the upper case 2b at the other end thereof. 

The spring 6 is, as shown in Fig. 1 (b), dis- 
posed between the teeth portion 5b and the en- 
gagement wall 5c on the inner periphery of the 
teeth portion 5b of the intermediate reduction gear 
5. The both end portions are bent inward (to the 
center) and hold the engagement wall 5c of the 
intermediate reduction gear 5 therebetween. 

The cam 7, as shown in Fig. 2, is fitted rotatab- 
ly to the shaft 14 to face the intermediate reduction 


gear 5 in the axial direction. An arc-shaped en- 
gagement wall 7a is formed at a circumferential 
portion of the shaft 14 on the surface of the cam 7 
facing the intermediate reduction gear 5. The en- 
5 gagement wall 7a is disposed between the boss 
portion 5a and the engagement wall 5c of the 
intermediate reduction gear 5 in the radial direction 
of the shaft 1 4 and has the arc length shorter than 
the engagement wall 5c of the intermediate reduc- 
70 tion gear 5. The cam 7, as shown in Fig. 1 (b), is 
fitted to the shaft 14 so that the engagement wall 
7a is disposed between the both end portions of 
the spring 6, in other words, disposed at a portion 
overlapping with the intermediate reduction gear 5 
15 around the shaft 14. 

The actuating lever 8 has an output shaft 15 
insert-fitted thereto at its one end and rotates ar- 
ound the output shaft 15 between a couple of 
stoppers (restricting members) 16 and 17. 
20 The output shaft 15 is rotatably supported by 

the lower case 2a and the upper case 2b. 

The actuating lever 8 has torque receiving por- 
tions 8a and 8b at a fun-shaped portion radially 
extending from the output shaft 15. The torque- 
25 receiving portions 8a and 8b slide on the cam 
surface as the cam 7 rotates, thereby to rotate the 
actuating lever 8 around the output shaft 15 be- 
tween the door-locking position (the position shown 
in Fig. 1) and the door-unlocking position (the posi- 
30 tion shown in Fig. 6 through 9). 

The torque-receiving portions 8a receives a 
rotating torque from the cam 7 when the door-lock 
unit DL locks the door, and 8b receives a rotating 
torque from the cam 7 when the door-lock unit DL 
35 unlocks the door. A U-shaped recess is formed 
between the locking-side torque-receiving portion 
8a and the unlocking-side torque-receiving portion 
8b in order to prevent an interference of the cam 7, 
An outer periphery formed continuously be- 
40 tween the locking torque-receiving portion 8a and 
the unlocking torque-receiving portion 8b enters the 
orbit of the cam motion when the actuating lever 8 
rotates to the locking position or to the unlocking 
position, and functions as stopper walls 8d and 8e 
45 to restrict the rotation of the cam 7 when the cam 7 
abuts thereon. 

The stopper walls 8d and 8e move in an arc 
around the output shaft 15. 

Engagement grooves 8f and 8g are formed on 
so the outer periphery formed continuously between 
the locking and unlocking torque-receiving portions 
8a and 8b of the actuating lever 8 and engage one 
of the stoppers 16 and 17 when the lever 8 is 
driven by the cam 7 to rotate to the locking or 
55 unlocking position. 

The stopper 16 and 17 are disposed at posi- 
tions symmetrical with respect to an imaginary line 
between the output shaft 14 and the shaft 15. The 
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stoppers are made of an elastic material (e.g. rub- 
ber) so as to absorb a shock caused when the 
actuating lever 8 engages therewith. 

Anoutput lever 9 is formed into a L-shape and 
has a hole (not shown) at a bend portion thereof to 
engage with an insert portion 15a formed at an end 
portion of the output shaft 15, thereby to rotate as 
a unit with the output shaft 15 (or actuating lever 
8). An end of the output lever 9 is connected to a 
knob 18 which a driver handles when he intends to 
operate the door-lock unit DL and the other end is 
connected to the rocking lever 10 of the door-lock 
unit DL and the other end is connected to the 
rocking lever 10 of the door-lock unit DL (see Fig. 
1 and Fig. 2). 

The operation of the embodiment is described 
next. 

The operation in the door-locking is mainly 
described here, for convenience. 

In the door-locking state shown in Fig. 1, since 
the actuating lever 8 is in the door-lock position, 
the door-unlocking-side torque-receiving portion 8b 
is located in the orbit of the motion of the cam 7. 

When the motor 3 is energized in this state, 
the pinion 4 is driven by the motor and the inter- 
mediate reduction gear 5 is rotated by the pinion 4. 
The driving torque of the intermediate reduction 
gear 5 is transmitted to the cam 7 through the 
spring 6 which is held between the engagement 
wall 5 of the intermediate reduction gear 5 and the 
engagement wall 7a of the cam 7, and the cam 7 
rotates along with the intermediate reduction gear 5 
and the spring 6 in the door-unlocking direction 
(counterclockwise in Fig. 1). 

After the cam 7 abuts the door-unlocking-side 
torque-receiving portion 8b (as shown in Fig. 4), 
the door-unlocking - side torque-receiving portion 
8b slides on the surface of the cam 7 and moves 
along the cam profile as the cam 7 rotates, and the 
actuating lever 8 rotates around the output shaft 15 
from the door-locking position to the door-unlocking 
position. The actuating lever 8 does not reach the 
door-unlocking position ( as shown in Fig. 5) when 
the cam 7 leaves the door-unlocking-side torque- 
receiving portion 8b, however it continues to rotate 
thereafter due to the inertia thereof and the load 
characteristics of the door-locking until the engage- 
ment recess 8g abuts the stopper 17. 

On the other hand, the cam 7, after leaving the 
door-unlocking-side torque-receiving portion 8b, 
rotates until it engages with the stopper wall 8d of 
the actuating lever 8 (as shown in Fig. 6). Although 
the cam 7 is stopped by the stopper wall 8d, the 
intermediate reduction gear 5 further rotates while 
bending the spring 6 which is held by the engage- 
ment wall 5c and stops gradually (as shown in Fig. 
7b). 


When the motor 3 is deenergized in this state, 
the intermediate reduction gear 5 rotates in the 
reverse direction (clockwise in Fig. 1) due to the 
elastic energy accumulated by the spring 6 (as 

5 shown in Fig. 8b). The intermediate reduction gear 
5 and the cam 7 continue to rotate to the state 
shown in Fig. 8 due to its inertia of the motion 
accumulated in the period from the state shown in 
Fig. 7 even after the elastic energy dissipates, and 

jo stop rotation when the cam 7 leaves the stopper 
wall 8d (as shown in Fig. 9). 

In the apparatus according to the embodiment 
as described above, the actuating lever 8 has the 
door-locking-side torque-receiving portion 8b on 

;s which the cam 7 abuts and the stopper wall 8d 
which is formed at the head portion moving in an 
arc around the shaft 15, the stopper 17 restricts 
further movement of the actuating lever 8 against 
the rotating torque exerted by the cam 7, and the 

20 coil spring 6 is disposed in the path of the torque 
transmission. Therefore, when the motor 3 is en- 
ergized, the cam 7 presses on the door-unlocking- 
side torque-receiving-portion 8b to move the ac- 
tuating lever 8 toward the stopper 17 and leaves 

25 the generally arc-shaped operation orbit of the ac- 
tuating lever 8. The cam 7 subsequently presses 
on the stopper wall 8d while compressing the coil 
spring 6 thereby to deenergize the motor 3. When 
the cam 7 leaves the arc-shaped operation orbit of 

30 the actuating lever 8 again due to the elastic force 
of the compressed coil spring 6, the motor 3 is 
energized again to carry out the door-unlocking. 
When the motor 3 is deenergized thereafter, the 
intermediate reduction gear 5 is slightly moved due 

35 to the spring force of the spring 6, however, the 
gear noise is significantly reduced compared with 
the apparatus in which the intermediate reduction 
gear 5 is driven mainly by the coil spring 6. The 
door-locking is also carried out by energizing the 

40 motor 3. In this case, the intermediate reduction 
gear 5 is slightly moved due to the spring force of 
the coil spring 6 after the motor 3 is deenergized 
as in the door-unlocking operation, and the gear 
noise is reduced significantly compared with the 

45 apparatus in which the intermediate reduction gear 
5 is driven mainly by the coil spring 6. 

After the cam 7 abuts the stopper wall 8d of 
the actuating lever 8 and its further rotation is 
restricted, the intermediate reduction gear 5 further 

so rotates while bending the coil spring 6 and stops 
gradually. In other words, the shock caused when 
the cam 7 abuts the stopper wall 8d is absorbed by 
bending of the coil spring 6. As a result, the shock, 
which is applied to the intermediate reduction gear 

55 and the pinion 4 when the cam 7 is stopped, is 
relieved, so that the intermediate reduction gear 5 
and the pinion may be made of resinous material, 
resulting in cost reduction. 
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When the motor 3 is deenergized, the cam 7 
stops after it leaves the stopper wall 8d of the 
actuating lever 8. Therefore, a driver can handle 
the knob 8 easily since the actuating lever 8 is not 
in contact with the cam 7. 

The door-locking operation has the same effect 
as the door-unlocking operation described above. 

The operation when the knob 18 is brought to 
the door-locking position is described next with 
reference to Fig. 10 through Fig. 13. 

When the motor 3 is energized while the knob 
18 is held in the lock position, the cam 7 is driven 
by the motor 3 to rotate along with the intermediate 
reduction gear 5 in the door-unlocking direction 
(counterclockwise in Fig. 10) and abuts the door- 
unlocking-side torque-receiving-portion 8b. The ac- 
tuating lever 8 receives the driving torque of the 
cam 7, however it cannot move to the door-unloc- 
king-side because the. knob is held in the locking 
position. Consequently, the cam 7 stops while it is 
in abutment with the door-unlocking-side torque- 
receiving-portion 8b of the actuating lever 8 (as 
shown in Fig. 10). 

The intermediate reduction gear 5 further 
rotates and bends the spring 6 for a while, and 
stops gradually (as shown in Fig. 11). 

When the motor 3 is deenergized in this state, 
the intermediate reduction gear 5 rotates in the 
opposite direction (clockwise in Fig. 12) due to the 
accumulated elastic energy of the spring 6. The 
intermediate reduction gear 5 further rotates after 
the elastic energy dissipates due to the motion 
inertia thereof along with the cam 7 which has been 
at rest so that the cam 7 leaves the door-unlocking- 
side torque-receiving-portion 8b and stops (as 
shown in Fig. 13). 

Thus, even when the knob 18 is held in the 
locking position, the cam 7 abuts the door-unloc- 
king-side torque-receiving-portion 8b and its further 
rotation is restricted, the intermediate reduction 
gear 5 further rotates while bending the spring 6 
and stops gradually. As a result, the shock given to 
the intermediate reduction gear 5 and the pinion 4 
when the cam 7 is stopped is effectively relieved. 
When the motor 3 is deenergized, the cam 7 
thereafter separates from the door-unlocking-side 
torque-receiving-portion 8b and stops. Therefore, a 
driver can handle the knob 18 very easily since the 
actuating lever 8 does not slide on the cam 7. 

A second embodiment of the present invention 
is described next. 

Fig. 14 is a plan view illustrating an internal 
structure of a door-lock driving apparatus 1 . 

In the door-lock driving apparatus 1 according 
to this embodiment, an elastic member 19 made of 
elastic material such as high-elastic highly poly- 
merized compound (elastomer) or rubber (shown in 
Fig. 15 and Fig. 16) is used instead of the coil 


spring 6 which is disposed between the intermedi- 
• ate reduction gear 5 and the cam 7. 

Since other members except for the intermedi- 
ate reduction gear 5, the cam 7 and the elastic 
5 member 17 are the same as those of the first 
embodiment, respective descriptions are omitted. 

The descriptions of the intermediate reduction 
gear 5, the cam 7 and the elastic member 19 are 
given next with reference to Fig. 15 and Fig. 16. 
w Fig. 15 is a cross-sectional view (a) and a plan 

view (b), and Fig. 16 is a perspective view of the 
gear 5, the cam 7 and the elastic member 19 and 
an allover perspective view thereof. 

The intermediate reduction gear 5 has the 
;s same boss portion 5a and teeth portion 5b as the 
first embodinient has. An engagement surfaces 5d 
are formed on the inner periphery of the teeth 
portion 5b to regulate the motion (rotation) of the 
elastic member 19. The engagement surfaces 5d 
20 are formed on two portions respectively corre- 
sponding to opposite (normal or reverse) directions 
of the motor rotation. A recess 5e is formed on a 
side of the intermediate reduction gear 5 over the 
entire circumference thereof. 
25 The cam 7 has a disk member 7c formed 

integrally therewith. The disk member 7c has a 
given radius from an opening 7b which receives 
the shaft 14 therein, and a projection bar 7d at an 
outer portion thereof. The opening 7b of the cam 7 
30 receives the shaft 14 rotatably and the disk mem- 
ber 7c of the cam 7 is fitted to the recess 5e of the 
intermediate reduction gear 5. A small gap is 
formed between the outer periphery of the disk 
member 7c and the inner surface of the recess 5e 
35 so that they are not interfere each other (as shown 
in Fig. 16(d). 

The elastic member 19 is fitted rotatably to the 
boss portion 5a of the intermediate reduction gear 
5 and disposed inside the intermediate reduction 
40 gear 5. A flat outer-wall-surface 19a is formed on 
the elastic member 19 as shown in Fig. 16(b) to 
receive the rotational torque of the intermediate 
reduction gear 5 when in contact therewith. The 
elastic member 19 has an opening 19b which re- 
45 ceives the bar projection 7d of the cam 7. 

The operation (door-unlocking) of this embodi- 
ment is described next. 

The pinion 4 is driven by the motor 3 and the 
intermediate reduction gear 5 in mesh with the 
so pinion 4 is rotated. The rotational torque of the 
intermediate reduction gear 5 is transmitted 
through the elastic member "19, and the cam 7 
rotates in the door-unlocking direction along with 
the intermediate reduction gear 5 and the elastic 
55 member 19. 

When the cam 7 abuts the door-unlocking-side 
torque-receiving-portion 8b, the door-unlocking-side 
torque-receiving-portion 8b moves along the cam 
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profile and the actuating lever 8 rotates around the 
output shaft 15 from the door-locking position to 
the door-unlocking position. The cam 7 leaves the 
door-unlocking-side torque-receiving-portion 8b as 
the actuating lever 8 rotates and further rotates 
until it abuts the stopper wall 8d of the actuating 
lever 8. The cam 7 stops when it abuts the stopper 
wall 8d, however the intermediate reduction gear 5 
further rotates while bending the elastic member 19 
and stops gradually. 

When the motor 3 is deenergized in this state, 
the intermediate reduction gear 5 is rotated by the 
spring energy accumulated in the elastic member 
19 in the direction opposite the door-unlocking 
direction. After the energy dissipates from the elas- 
tic member, the intermediate reduction gear 5 con- 
tinues to rotate due to the inertia thereof along with 
the elastic member 19 and the cam 7 until the cam 
7 leaves the stopper wall 8d of the actuating lever 
8. 

In the second embodiment as described above, 
the actuating lever 8 which is connected to the 
door-lock unit DL has the door-unlocking-side 
torque-receiving-portion 8b which is engaged with 
the cam 7 and the stopper wall 8d which is formed 
at the head thereof to move along an arc as de- 
scribed above, the stopper 17 restricts the motion 
of the actuating lever 8 which is driven by the cam 

7, and the elastic member 19 is disposed in the 
torque transmitting path between the pinion 4 and 
the lever 8. When the motor 3 is energized, the 
cam 7 pushes the door-unlocking-side torque-re- 
ceiving portion 8b thereby to 'move the actuating 
lever 8 toward the stopper 17. The cam 7 leaves 
the arc-shaped motion orbit of the actuating lever 

8, thereafter it is driven by the intermediate gear 5 
which rotates to bend the elastic member 19 and 
presses the stopper wall 8d of the actuating lever 8 
to deenergize the motor 3. When the motor 3 is 
deenergized, the cam 7 is driven by the spring 
force accumulated in the elastic member 19 to 
separate from the arc-shaped motion orbit of the 
actuating lever 8. Since the intermediate reduction 
gear 5 rotates slightly due to the spring force of the 
elastic member 19 after the motor 3 which is 
energized to unlock the door is deenergized, the 
gear noise generated while the intermediate gear is 
driven by the elastic member 19 can be reduced. 

Even if the cam 7 abuts the stopper wall 8d of 
the actuating lever 8 and its rotation is restricted, 
the intermediate reduction gear 5 can further rotate 
and stop gradually while bending the elastic mem- 
ber 19. As a result, the shock applied to the inter- 
mediate reduction gear 5 and the pinion 4 gen- 
erated when the cam stops fs reduced so that 
resinous material may be used to the intermediate 
reduction gear 5 and pinion 4 as in the first em- 
bodiment. 


When the motor 3 stops, the cam 7 stops after 
it leaves the stopper wall 8d of the actuating lever 
8. Therefore, a driver can handle the knob 18 
without friction force of the actuating lever 8 and 
5 the cam 7, and his strength is not required for 
handling the knob 18. When the motor 3 is en- 
ergized while the knob 18 is in the locking position, 
the same effect as in the first embodiment can be 
expected. 

70 A third embodiment of the present invention is 

described next. 

Fig. 17 is a plan view illustrating an internal 
structure of a door-lock driving apparatus 1 . 

In the door-lock driving apparatus 1 of this 

75 embodiment, the cam 7 is made of a highly poly- 
merized compound such as elastomer or elastic 
material such as rubber, and is formed integrally 
with the elastic member 19 described in regard to 
the second embodiment. 

20 The cam 7 integrated with the elastic member 

19 which is installed in the intermediate reduction 
gear 5 is illustrated in a cross-sectional view (a) 
and a plan view (b) of Fig. 18. A perspective view 
illustrating the cam 7 integrated with the elastic 

25 member 19, a perspective view illustrating the in- 
termediate reduction gear 5 and a perspective view 
illustrating the cam 7 installed in the intermediate 
reduction gear are respectively (a), (b) and (c) of 
Fig. 19. 

30 The operation of this embodiment is almost the 

same as the second embodiment. However, the 
integration of the cam 7 and the elastic member 19 
reduces the number of parts. 

A fourth embodiment of the present invention 

35 is described next. 

Fig. 20 is a plan view illustrating a internal 
structure of a door-lock driving apparatus. 

A reversible small motor 1 is a driving source. 
A pinion 2 is fixed to a shaft 101 of the small motor 

40 1 and rotates along with the shaft 101. A helical 
gear (intermediate reduction gear) 3 is carried 
rotatabty by the shaft 4 and engages with the 
pinion. The helical gear 3 has a flat-plate projection 
301 integrally formed therewith to extend in parallel 

45 with the shaft 4, and the shaft 4 penetrates the 
center of the projection 301. 

The inner lever (torque transmitting member) 5 
is carried rotatably by an output shaft 6. The inner 
lever 5 is secured solidly to an end of the output 

50 shaft 6 and rotates along with the output shaft. Two 
projecting portions (torque receiving portions) 501 
and 502 extending in the radial direction of the 
output shaft 6 and a spring retaining portion 503 
are formed integrally at an end portion of the inner 

55 lever 5. A U-shaped groove is formed at an end of 
the spring-retaining portion 503. The inner lever 5 
and the helical gear 3 are disposed so that the 
projecting portions 501 and 502 of the inner lever 5 
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face the projection 301 of the helical gear 3. The 
projection 501 has a door-unlocking-side torque- 
receiving portion 501a and a stopper wall 501b to 
be pushed by the projection 301 of the intermedi- 
ate reduction gear, and the projection 502 has a 
door-locking-side torque-receiving-portion 502a and 
a stopper wall 502b pushed by the projection 301 
of the intermediate reduction gear. The stopper 
walls 501b and 502b move in an arc around the 
shaft 6. 

A spring (elastic member) 7 has a U-shaped 
portion 701 in the center thereof and L-shaped 
portions 702 and 703 on the opposite sides thereof. 
The U-shaped portion 701 is fitted into the U- 
shaped groove so that the spring 7 is fixed to the 
inner lever 5. The spring 7 is fixed to the inner 
lever 5 in a manner that the L-shaped portions 702 
and 703 extend from the projections 501 and 502 
of the inner lever 5. 

Cushions (regulating member) 801 and 802 are 
stoppers to restrict further rotation of the inner 
lever 5 and are made of elastic material so as to 
absorb the shock , of the collision with the inner 
lever 5. 

An end of the output lever (output portion) 9 is 
solidly fixed to the other end of the output shaft 6. 
Therefore, the output lever 9 rotates within the 
range restricted by the cushions 801 and 802 along 
with the inner lever 5. The other end of the output 
lever 9 is connected to the door-lock unit DL. When 
the inner lever rotates in the direction indicated by 
an arrow A and abuts the cushion 801 (as shown in 
Fig. 20), the door-lock unit DL locks the door. On 
the other hand, when it rotates in the direction 
indicated by an arrow B and abuts the cushion 802, 
the door-lock unit DL unlocks the door. The rela- 
tionship between the rotating direction and the 
locking/unlocking condition may be reversed. 

All the parts and components except for the 
output lever 9 are accommodated in a case 10 and 
the open end thereof is covered by a cover 1 1 . 

The operation of this embodiment is described 
next. The main portion of this embodiment is the 
helical gear 3, the inner lever 5 and the spring 7 
and therefore the description about these compo- 
nents are given next with reference to Fig. 22 
through Fig. 28. 

Fig. 22 through 28 illustrate the helical gear 3, 
the inner lever 5 the spring 7 and cushions 801 
and 802 which are illustrated in Fig. 20. 

Fig. 22 illustrates the same state as in Fig. 20 
in which the inner lever 5 drives the door-lock unit 
DL to the door-locking state through the output 
lever 9. When the small motor 1 is energized and 
rotates the helical gear 3 in the direction indicated 
by an arrow C (door-unlocking direction) from the 
above state, an end portion 302 of the projection 
301 abuts the projection 501 of the inner lever 5, 


thereby to transmit the rotating torque to the inner 
lever. 

When the helical gear 3 further rotates, as 
shown in Fig. 24, the rotating torque is transmitted 

5 to the projection 501. Thereafter, as shown in Fig. 
25, the rotating torque is not transmitted any long- 
er. Before then ,the inner lever 5 is driven by the 
door-lock unit DL, which is under operation of the 
door-unlocking and under motion of the inertia of 

w the helical gear, to rotate in the direction to the 
cushion 802. Thus, the inner lever 5 further rotates 
until it abuts the cushion 802 even after the projec- 
tion 301 of the helical gear 3 leaves the inner lever 
5 (as indicated by L). 

is The other end portion 303 of the projection 301 

of the helical gear 3 abuts one of the L-shaped 
portion 703 and bends the spring 7 to the direction 
indicated by an arrow C as shown in Fig. 26 
against the spring force. When the projection 301 

20 abuts the other projection 502 of the inner lever 5, 
the rotation is restricted as shown in Fig. 27. The 
spring 7 has accumulated energy to drive the hel- 
ical gear by the other end portion 303 of the 
projection 301 in the direction opposite the arrow C 

25 until this state. As a result, when the small motor 1 
is deenergized, the helical gear 3 is rotated due to 
the repulsion force of the spring 7 in the direction 
opposite the arrow C to a position where it does 
not interfere with the inner lever 5 and it stops in 

30 the door-unlocking state. Since the inner lever 5 is 
free from any interference, only small power is 
necessary to handle the output lever 9 from the 
outside for the door-locking. 

In the apparatus according to the embodiment 

35 as described above, the inner lever 5, which is 
connected to the door-lock unit DL, has the door- 
locking-side torque-receiving portion 501 which the 
projecting portion 301 of the intermediate reduction 
gear 501a 7 abuts and the stopper wall 502b which 

40 is formed at the head portion moving in an arc, the 
cushion 802 restricts further movement of the inner 
lever 5 against the rotating torque exerted by the 
projecting portion 301, and the spring 7 is disposed 
in the path of the torque transmission. Therefore, 

45 when the motor 3 is energized, the projecting por- 
tion 301 of the intermediate reduction gear presses 
on the door-unlocking-side torque-receiving-portion 
501a to move the inner lever 5 toward the cushion 
802 and leaves the generally arc-shaped operation 

so orbit of the inner lever 5. The projecting portion 
301 subsequently pushes the cushion 802 while 
compressing the spnng 703 thereby to deenergize 
the motor 1. When the projecting portion 301 of the 
intermediate reduction gear leaves the arc-shaped 

55 operation orbit of the inner lever 5 again due to the 
elastic energy accumulated in the L-shaped potion 
703 of the spring 7, the motor 1 is energized to 
carry out the door-unlocking. When the motor 1 is 

10 
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deenergized thereafter, the intermediate reduction 
gear 3 is slightly moved due to the spring force of 
the L-shaped -portion 703 of the spring 7, accord- 
ingly the gear noise is significantly reduced. The 
door-locking is also carried out by energizing the 5 
motor 1 . In this case, since the intermediate reduc- 
tion gear 3 is slightly moved due to the spring 
force of the L-shaped projecting portion 702 of the 
spring 7 after the motor 1 is deenergized as in the 
door-unlocking operation, the gear noise is reduced w 
significantly. 

Since only two components, the inner lever 5 
and the spring 7, function as a clutch mechanism, 
the production cost may be reduced. 

Fifth and sixth embodiments are described /5 
next with reference to Fig. 29 and Fig. 30. 

These embodiments omit the cushions 801 and 
802 in the above described embodiment and there- 
fore the production cost may be reduced. 

In the fifth embodiment illustrated in Fig. 29, 20 
the spring 7 has respective bends at the opposite 
ends of L-shaped portions 702 and 703, which abut 
the inner walls of the case 10 and function as the 
cushions 801 and 802, respectively. 

The sixth embodiment has two rubber cushions 25 
12 which are fixed to the inner lever 5 instead of 
the spring 7. They abut the inner walls of the case 
10 and function as the cushion 801 and 802 in the 
same manner as shown in Fig. 29. 

The cushions 12 illustrated in Fig. 30 may be 30 
combined together. When the rubber cushions 12 
are employed solely for replacement of the spring 
7, the cushions 801 and 802 may be left, naturally. 

INDUSTRIAL APPLICABILITY 35 

As mentioned above, in the door-lock driving 
apparatus according to the present invention, after 
the motor carries out the door-locking or door- 
unlocking and it is deenergized, the elastic mem- 40 
ber can reduce the shock which is otherwise gen- 
erated when the intermediate reduction gear op- 
erates. 

Claims 45 

1. A door-lock driving apparatus comprising: 

a motor rotating when energized; 

a rotating member rotated freely by the 
motor and a torque transmitting member for 50 
transmitting the rotating torque of the rotating 
member; 

an actuating member, connected to a 
door-lock unit for carrying out door-locking and 
door-unlocking, for actuating said door-locking 55 
unit when driven by said torque transmitting 
member to move to a door-locking direction or 
a door-unlocking direction, said actuating 


3. 


member having a first member to be pushed 
by said torque transmitting member and a sec- 
ond member formed on an end portion of said 
actuating member which moves in an arc; 

a restricting member for restricting motion 
of said actuating member against rotating 
torque exerted by said torque transmitting 
member; and 

an elastic member disposed between said 
rotating member and said actuating member; 
wherein 

when said motor is energized, said torque 
transmitting member pushes said first member 
of said actuating member and drives said ac- 
tuating member against said restricting mem- 
ber, separates from an arc-shaped motion orbit 
of said actuating member, subsequently 
pushes said second member while bending 
said elastic member to deenergize said motor, 
and separates again from said arc-shaped mo- 
tion orbit of said actuating member due to 
spring force accumulated in said elastic mem- 
ber. 

A door-lock driving apparatus claimed in claim 
1 further comprising a manually operated 
member connected to said door-lock unit or 
said actuating member, wherein 

when said manually operated member is 
held in a door-locking position, said elastic 
member bends as it receives rotating torque of 
said rotating member moving to said actuating 
member which is retained by said manually 
operated member and relieves shock applied 
to said rotating member, and when said motor 
is deenergized, said torque transmitting mem- 
ber stops after said torque transmitting mem- 
ber separates from said actuating member due 
to spring force accumulated in said elastic 
member. 

A door-lock driving apparatus claimed in claim 
1 or claim 2, wherein 

said rotating member comprises a pinion 
driven by said motor and an intermediate re- 
duction gear; 

said torque transmitting member is dis- 
posed to be rotatable relative to said inter- 
mediate reduction gear around a central axis of 
said intermediate reduction gear; and 

said elastic member comprises a coil 
spring held by said intermediate reduction 
gear at its one end and held by said torque 
transmitting member at the other end. 

A door-lock driving apparatus claimed in claim 
1 or claim 2, wherein 

said rotating member comprises a pinion 
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driven by said motor and an intermediate re- 
duction gear; 

said torque transmitting member is dis- 
posed to be rotatable relative to said inter- 
mediate reduction gear around a central axis of 5 
said intermediate reduction gear; and 

said elastic member is made of highly 
polymerized compound such as elastomer or 
elastic material such as rubber and is disposed 
between said intermediate reduction gear and w 
said torque transmitting member. 

A door-lock driving apparatus claimed in claim 
4, wherein said torque transmitting member 
comprises an integral elastic member made of 75 
highly polymerized compound such as 
elastomer or elastic material such as rubber. 

A door-lock driving apparatus comprising: 

a pinion driven by a motor; 20 
an intermediate reduction gear which is in 
engagement with said pinion and is driven by 
said pinion; 

a projection rotating with said intermediate 
reduction gear; 25 

a torque transmitting member having a 
torque transmitting portion at one end and a 
portion at the other end which is fixed to said 
torque transmitting portion and connected to 
an output member for carrying out door-lock- 30 
ing operation; 

a restricting member for restricting motion 
of said torque transmitting member against 
said transmitting torque; and 

an elastic member, disposed between said 35 
projection of said intermediate reduction gear 
and said torque transmitting portion of said 
torque transmitting member, for generating 
driving force to separate said projection from 
said torque transmitting means by bending. 40 
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